A worldwide survey of polymorphic molecular markers shows that the human population is genetically homogeneous, in close agreement with evidence from quite different genes and traits.
The common belief that our species is divided into clearly defined 'races' has motivated a long history of attempts to quantify human variability. Though much of modern statistics stems from the first attempts to understand traits such as body proportions and skull shape (see [1] for example), these efforts tended only to reinforce initial prejudice [2] . Surveys of blood groups and protein polymorphism, however, indicated that humans actually form a largely homogeneous population. For example, Lewontin [3] found that, across 15 protein loci, 85% of allele frequency diversity was found within local populations, with only 7% being associated with racial groups.
Such geographic surveys, whether based on quantitative traits or proteins, can be criticised as they are based on a limited number of traits or genes, the spatial distributions of each of which may be individually shaped by natural selection. For this reason, such surveys tell us little about relationships within the population as a whole. Recent work by Barbujani et al. [4] is therefore important. These authors analysed the population distribution of 30 microsatellite loci, and 79 restriction fragment length polymorphisms (RFLPs), and found that 84.4% of variation is found within local populations, only 10% being due to differences between continents. The agreement of these new data with the earlier work based on protein polymorphisms is remarkably close, given that few individuals from few locations were included (for the microsatellites, 148 people from 14 places, and for the RFLPs, 1430 people from 12 places).
Belief in racial subdivision is based largely on subjective impressions of physical appearance. Quantitative traits can, however, be analysed statistically in the same way as Mendelian variants [5, 6] . On Bougainville, an island in Papua New Guinea, Rogers and Harpending [5] showed that variation in fingerprints between villages did not differ significantly from that seen in enzyme polymorphisms; however, anthropometric traits showed significantly greater geographic diversity. On a larger scale, Relethford [7] found that differences in skull shape between Europe, sub-Saharan Africa and the Far East were similar in magnitude to differences in enzyme polymorphisms for the same regions: Wright's statistic F ST , a measure of the proportion of genetic variance held between populations, having a value of ~0.11 in both cases.
The striking similarity in geographic differentiation seen across quite different characters is to be expected if it is caused by migration, population expansion and random genetic drift. But natural selection has clearly acted on many genes and traits, as indicated by several well-known examples. Balancing selection has maintained polymorphisms at the major histocompatibility complex locus across 30 million years of primate evolution [8] . Adaptation to malaria maintains clines in several haemoglobin alleles and in glucose 6-phosphate dehydrogenase [9] . And both body proportions [2, 10] and skin colour [2] show clear latitudinal gradients shaped by climate rather than ancestry.
The discordant patterns shown by such adaptive traits, each tracking separate environmental factors, is, of course, incompatible with any simple racial classification. However, the close similarity between geographic diversity of markers based on proteins and those based on non-coding DNA shows that such selection does not have a substantial effect. Whether geographic diversity in quantitative traits is also attributable largely to drift is as yet unclear: surprisingly few comparisons between continuous and Mendelian traits have been made in man, or indeed, any organism (for exceptions, see [11, 12] ).
The pattern, as well as the magnitude, of geographic variation is important. For humans to be divided sensibly into 'races', genetic changes in distinct traits must occur together, at sharp boundaries. Within Europe, such sharp boundaries can be found in both molecular markers and skull shape, and correspond to linguistic boundaries [13] . On a larger scale, language families do correspond to genetic relationships [9, 14] . But these boundaries involve small differences in allele frequencies and require elaborate analyses of many loci to be detected. There is no contradiction here: even though a small fraction of genetic variation is held between regions, individuals can reliably be assigned to their ancestral region if enough genes are scored [15] .
How do we compare with other species? The proportion of variance between local human populations, ~15%, is typical of other animal species: vertebrates show an average F ST for enzyme loci of ~20%, and invertebrates ~17% [16] . If spatial patterns are caused by random drift, then these F ST values imply either that one or two migrants are exchanged in each generation, or that homogeneity is the result of recent expansion from a common ancestral population.
Although the magnitude of human geographic divergence seems broadly similar to that shown by other species, its structure seems more homogeneous. Many species are divided into clear subspecies or races, which are usually more distinct than human 'races'. Genetic differences are often larger, involving the fixation of alternative alleles and changes in quantitative traits of several standard deviations. These differences often coincide in sharp boundaries, or 'hybrid zones', reflecting a combination of secondary contact between expanding populations and adaptation to distinct environments [17] . However, even such clear disjunctions -much more substantial than those seen in humans -do not represent significant barriers to gene exchange [18] .
Genetic diversity cannot sensibly be compared at different loci; the discussion so far has been of diversity between populations, relative to that within them. However, Barbujani et al. [4] do compare diversity across populations, crudely classified according to their complexity (ranging from small villages to large nations). As expected, smaller populations contain less microsatellite diversity; however, the difference is less than two-fold over the whole range, suggesting that variation has been preserved within even small communities, following recent expansion from a common base population.
If humans recently spread out of Africa, a hypothesis supported by both fossil [10, 19] and molecular evidence [8, [19] [20] [21] , then more genetic diversity is expected within the more ancient African population. As many genes have been studied because they are polymorphic in European populations, this comparison has been complicated by an ascertainment bias [22, 23] . Nevertheless, data on both nuclear [15, 22] and mitochondrial [21] loci suggest that African populations are more diverse. Interestingly, the pattern of diversity differs between mitochondrial and nuclear loci: the former usually show one common allele, whilst the latter show intermediate allele frequencies [22] . This suggests that some selectively favoured mitochondrial genome may recently have spread; if so, then mitochondrial DNA tells us nothing about the ancestry of mankind as a whole [24, 25] . The distinct and potentially misleading mitochondrial pattern emphasises the need to combine information across many loci, as done on such a large scale in Barbujani et al.'s [4] survey of 109 loci.
Human variation thus shows a mosaic pattern. Most molecular variation is fairly homogeneous, with fluctuations consistent with random drift following recent expansion from some (African?) base population. Selection maintains a variety of discordant patterns, giving a mixture of clines, recent selective sweeps and balanced polymorphisms, but these are not common enough to distort the consistent homogeneity seen at most loci. Nevertheless, the power of selection to maintain local adaptations in the face of gene exchange makes it hard to entirely discount the 'multiregional hypothesis' [26] , under which local differences date back ∼1.8 million years, to the time when Homo erectus spread across the world.
